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GHVFULEHVDSUDFWLFDOWXWRULDOIRUXVHLQWKHXQGHUJUDGXDWHFXUULFXOXPWKDWLQWURGXFHVVWXGHQWVWR
PDFURPROHFXODUVWUXFWXUHFUHDWLRQOLJDQGELQGLQJFDOFXODWLRQVDQGYLVXDOL]DWLRQRIGRFNLQJ
UHVXOWV$VWXGHQWSURFHGXUHLVSURYLGHGWKDWLOOXVWUDWHVXVHRI'RFNR0DWLFWRFUHDWHDKRPRORJ\
PRGHOIRUWKHDPLQRSURSHSWLGHUHJLRQDPLQRDFLGVZLWKWZRGLVXOILGHERQGVRIFROODJHQ
Į;,IROORZHGE\PROHFXODUGRFNLQJRIWKHFRPPHUFLDOGUXJ$UL[WUD£WRWKHKRPRORJ\
PRGHORIWKHDPLQRSURSHSWLGHGRPDLQRIFROODJHQĮ;,DQGILQDOO\DQDO\VLVRIWKHUHVXOWVRI
WKHGRFNLQJH[SHULPHQW7KHDFWLYLWLHVDQGVXSSOHPHQWDOPDWHULDOVGHVFULEHGDUHLQWHQGHGWR
HGXFDWHVWXGHQWVLQWKHXVHRIFRPSXWDWLRQDOWRROVWRFUHDWHDQGLQYHVWLJDWHKRPRORJ\PRGHOVIRU
RWKHUV\VWHPVRILQWHUHVWDQGWRWUDLQVWXGHQWVWREHSURILFLHQWZLWKPROHFXODUGRFNLQJDQG
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DQDO\]LQJUHVXOWV7KHWXWRULDODOVRVHUYHVDVDIRXQGDWLRQIRULQYHVWLJDWRUVVHHNLQJWRH[SORUHWKH
YLDELOLW\RIXVLQJFRPSXWDWLRQDOELRFKHPLVWU\WRVWXG\WKHLUUHFHSWRUOLJDQGELQGLQJPRWLIV
.H\ZRUGV+RPRORJ\PRGHOLQJPROHFXODUGRFNLQJFRPSXWDWLRQDOELRFKHPLVWU\'RFNR0DWLF
,QWURGXFWLRQ
$GYDQFHVLQKDUGZDUHFRXSOHGZLWKHYHUPRUHDIIRUGDEOHFRPSXWHUV\VWHPVKDYHDOORZHG
FRPSXWDWLRQDOH[SHULPHQWDWLRQWKDWRQFHZHUHOLPLWHGWRUHVHDUFKODERUDWRULHVWRHQWHULQWR
FODVVURRPVHWWLQJV$FRPSOHPHQWWRWKHZLGHVSUHDGDGRSWLRQRIPROHFXODUPRGHOLQJDQG
FRPSXWDWLRQDOELRFKHPLVWU\ODERUDWRU\H[HUFLVHVKDVEHHQWKHGHYHORSPHQWRIFRPSXWHUVRIWZDUH
DSSOLFDWLRQVWRIDFLOLWDWHKRPRORJ\PRGHOFUHDWLRQDQGPROHFXODUGRFNLQJDFWLYLWLHV>@7KHVH
W\SHVRIDSSOLFDWLRQVWKDWRQFHUHTXLUHGOLFHQVHDJUHHPHQWVRQWKHRUGHURIWHQVRIWKRXVDQGVRI
GROODUVSHU\HDUWRDFFHVVZHOOGRFXPHQWHGVRIWZDUHDUHQRZHPHUJLQJWKURXJKRSHQVRXUFH
VLWHVHJVRXUFHIRUJHQHW>@'DWDEDVHVRIWHPSODWHVWUXFWXUHVPD\EHDFFHVVHGWKURXJKZHE
SRUWDOVOLNH1DWLRQDO&HQWHUIRU%LRWHFKQRORJ\,QIRUPDWLRQ1&%,XVLQJWKHHIILFLHQWVHDUFK
SURJUDP%/$67DQGIDVWFRPSXWHUSURFHVVLQJDQGFOXVWHUFRPSXWLQJQRZDOORZWKHFUHDWLRQRI
KRPRORJ\PRGHOVIRUELRPDFURPROHFXOHVIURPDWHPSODWHVWUXFWXUHLQPLQXWHVUDWKHUWKDQ
KRXUVGD\VRUZHHNV>@
7KHFXUUHQWZRUNHPHUJHGIURPDZHHNORQJFRPSXWDWLRQDOFKHPLVWU\VKRUWFRXUVH
GHYHORSHGE\DQLQWHUGLVFLSOLQDU\WHDPRIVFLHQFHHGXFDWRUVZLWKEDFNJURXQGVLQFKHPLVWU\
ELRORJ\FRPSXWHUVFLHQFHDQGHQJLQHHULQJ6WXGHQWVWKDWSDUWLFLSDWHGLQWKHFRXUVHZHUH
LQWURGXFHGWRVRIWZDUHDSSOLFDWLRQVWKHRU\DQGPROHFXODUGRFNLQJDSSOLFDWLRQV7KHFRXUVH
DVVHVVPHQWZDVXVHGWRUHILQHWKHFRQWHQWDQGFRPSXWDWLRQDOWRROVSUHVHQWHGWRVWXGHQWVLQRUGHU
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ϯWRRSWLPL]HWKHPDWHULDODQGDFWLYLWLHVWKDWZHUHGHHPHGPRVWVLJQLILFDQWWRIRVWHUVWXGHQW
XQGHUVWDQGLQJ7KHPDLQSURJUDPVUHTXLUHGIRUKRPRORJ\PRGHOLQJDQGPROHFXODUGRFNLQJDUH
LQWHJUDWHGLQWR'RFNR0DWLFWRFUHDWHDXVHUIULHQGO\FRPSXWDWLRQDOWRRODFFHVVLEOHDFURVV
VFLHQWLILFGLVFLSOLQHV
$SUDFWLFDOVRIWZDUHWXWRULDOLVSURYLGHGIRUXVHZLWKLQWKHWLPHFRQVWUDLQWVRIDWUDGLWLRQDO
ODERUDWRU\FRXUVHIRULQWURGXFWRU\ELRFKHPLVWU\FHOODQGRUGHYHORSPHQWDOELRORJ\RU
SKDUPDFRORJ\FRXUVHV7KHREMHFWLYHLVIRUVWXGHQWVWROHDUQKRZ'RFNR0DWLFFDQEHXVHGDVD
FRPSXWDWLRQDOWRROWREHWWHUXQGHUVWDQGFRPSOH[ELRFKHPLFDOSURFHVVHVE\FUHDWLQJKRPRORJ\
PRGHOVDQGVHWWLQJXSFRQGXFWLQJDQGDQDO\]LQJGRFNLQJFDOFXODWLRQV7KHFRPSXWDWLRQDO
H[HUFLVHVLQWURGXFHGLQWKLVWXWRULDODOORZVWXGHQWVWRYLVXDOL]HFRPSOH[PDFURPROHFXODU
SURFHVVHVXVLQJVRIWZDUHWKDWLVDFFHVVLEOHDQGDIIRUGDEOH7KHIRFXVRIWKHWXWRULDOLVFROODJHQĮ
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FRQVLVWLQJRIDPLQRDFLGVDQGWZRGLVXOILGHERQGV8VLQJ
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;,133GRPDLQDVWKHWHVWFDVHWKHWXWRULDOOHDGVVWXGHQWVWKURXJKWZRSURFHVVHV
KRPRORJ\PRGHOFUHDWLRQRIWKHWKUHHGLPHQVLRQDOVWUXFWXUHIRU&ROĮ;,133>@XVLQJ
WKHRSHQVRXUFH'RFNR0DWLFVRIWZDUH>@DQGPROHFXODUGRFNLQJFDOFXODWLRQVIRUWKH
OLJDQG$UL[WUD£DQDQWLFRDJXODQWPHGLFDWLRQELQGLQJWRWKH133GRPDLQRI&ROĮ;,>@
+RPRORJ\0RGHOLQJ
,QWKHILUVWDFWLYLW\VWXGHQWVDFFHVVWKH7LPHO\,QWHJUDWHG0RGHOHU7,0XWLOLW\WKURXJKWKH
'RFNR0DWLFJUDSKLFDOXVHULQWHUIDFH*8,WRFUHDWHWKH&ROĮ;,133KRPRORJ\PRGHO>@
'RFNR0DWLFGUDZVXSRQVXEVHUYLHQWVRIWZDUHSURJUDPVWRIDFLOLWDWHXVHUDELOLW\WRORDGWKH
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WHPSODWHSURWHLQVHTXHQFHSHUIRUPD%/$67VHDUFKLGHQWLI\DWHPSODWHSURWHLQDOLJQDPLQR
DFLGVJHQHUDWHDSURWHLQVWUXFWXUHDQGHYDOXDWHWKHUHVXOWDQWKRPRORJ\PRGHOIRUDFFXUDF\
FRPSDUHGWRWKHWHPSODWHVWUXFWXUH7KLVKRPRORJ\PRGHOFUHDWLRQDQGYDOLGDWLRQH[HUFLVHLQ
FRPELQDWLRQZLWKWKHPROHFXODUGRFNLQJSRUWLRQRIWKHWXWRULDOPD\DOOEHDFFRPSOLVKHGZLWKLQD
WZRKRXUODERUDWRU\SHULRGZLWKDJURXSRIVWXGHQWVWKDWKDYHQHYHUXVHGWKHVRIWZDUH
'RFNR0DWLFGUDZVXSRQ%/$6702'(//(5DQG3\0ROWRLGHQWLI\DVXLWDEOHWHPSODWH
VWUXFWXUHFUHDWHDKRPRORJ\PRGHODQGYDOLGDWHWKHPRGHOVWUXFWXUH>@$VHWRILQVWUXFWRU
QRWHVLVSURYLGHGVHHVXSSOHPHQWDOPDWHULDOVWROHDGLQVWUXFWRUVWKURXJKWKHSURSHULQVWDOODWLRQ
RIWKH'RFNR0DWLFVRIWZDUHDQGHQVXUHVXEVHUYLHQWVRIWZDUHSURJUDPVDUHDFFHVVLEOH7KH
KRPRORJ\PRGHOODERUDWRU\H[HUFLVHSURYLGHVDQRYHUYLHZRIWKHIROORZLQJWRSLFVSXEOLFDOO\
DYDLODEOHSURWHLQVWUXFWXUHVIORZFKDUWIRUKRPRORJ\PRGHOFUHDWLRQVWHSE\VWHS
LQVWUXFWLRQVWRFUHDWHDKRPRORJ\PRGHOIRU&ROĮ;,133XVLQJ'RFNR0DWLFDQGD
SURFHGXUHWRYDOLGDWHWKHUHVXOWDQWVWUXFWXUHE\5DPDFKDQGUDQSORWDQDO\VLVVHTXHQFHDOLJQPHQW
DQGURRWPHDQVTXDUHGHYLDWLRQIURPWHPSODWHVWUXFWXUHVHHVXSSOHPHQWDOPDWHULDOV)LJXUHD
IORZFKDUWLQFOXGHGLQWKHVWXGHQWSURFHGXUHRXWOLQHVWKHVWHSVLQWKHKRPRORJ\PRGHOFUHDWLRQ
SURFHVV
),*85(
7KHOHDUQLQJREMHFWLYHIRUWKHKRPRORJ\PRGHOLQJDFWLYLW\LVIRUWKHVWXGHQWWROHDUQKRZ
WRVHDUFKIRUDQGLGHQWLI\DQDSSURSULDWHWHPSODWHSURWHLQXVLQJDNQRZOHGJHRIVLPLODUELRORJLFDO
DFWLYLW\IRUWKHSURWHLQDQGVHTXHQFHFRPSDULVRQ7KHKRPRORJ\PRGHOVFUHDWHGZLOOWKHQEH
HYDOXDWHGIRUDFFXUDF\EDVHGRQVHTXHQFHDQGVWUXFWXUHFRPSDULVRQV7KH\ZLOODFKLHYHWKLV
REMHFWLYHE\XVLQJ'RFNR0DWLFWRSHUIRUPD%/$67VHDUFKRQDWDUJHWSURWHLQVHOHFWLQJDQ
DSSURSULDWHWHPSODWHSURWHLQVWUXFWXUHEDVHGRQHVWDEOLVKHGFULWHULD(YDOXHTXHU\FRYHUDJH
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ϱDQGVHTXHQFHDOLJQPHQWJHQHUDWLQJD'KRPRORJ\PRGHODQGUHILQLQJDQGRSWLPL]LQJWKH
UHVXOWDQWSURWHLQVWUXFWXUH
0ROHFXODU'RFNLQJ
7KHVHFRQGDFWLYLW\WDNHVVWXGHQWVWKURXJKWKHSURFHVVRIXVLQJWKHLUUHFHQWO\FUHDWHGKRPRORJ\
PRGHOWRSHUIRUPPROHFXODUGRFNLQJFDOFXODWLRQV$QRYHUYLHZRIWKHSURWRFROIRUPROHFXODU
GRFNLQJVHJXHVLQWRWKH'RFNR0DWLF*8,'RFNR0DWLFXVHVHLWKHU$XWR'RFNRU
$XWR'RFN9LQDWRSHUIRUPPROHFXODUGRFNLQJFDOFXODWLRQVWKHXVHUPD\VHOHFWWKHGRFNLQJ
HQJLQHEDVHGRQSUHIHUHQFH>@$XWR'RFNLVWKHGHIDXOWGRFNLQJHQJLQHIRU
'RFNR0DWLF$OLJDQGVWUXFWXUHILOHIRUWKHDQWLFRDJXODQWGUXJ$UL[WUD£KDVEHHQSURYLGHG
DORQJZLWKDJULGSDUDPHWHUILOHJSIFUHDWHGLQ$XWR'RFN7RROV$'7IRUWKHPROHFXODU
GRFNLQJH[SHULPHQWVWXGHQWVDUHWRSHUIRUP6WXGHQWVDUHOHGWKURXJKWKHIROORZLQJSURFHVVHV
DFFHVVLQJWKHUHTXLUHGOLJDQG$UL[WUD£WDUJHW&ROĮ;,133DQGJULGSDUDPHWHUILOHV
JSIIRUWKHPROHFXODUGRFNLQJH[SHULPHQWSXWWLQJWKHILOHVLQWKHFRUUHFWHQWU\ILHOGLQWKH
'RFNR0DWLF*8,DGMXVWLQJWKHSDUDPHWHUVRIWKHH[SHULPHQWWRDOORZVXIILFLHQWWULDOVLQWKH
WLPHDYDLODEOHIROORZLQJWKHSURJUHVVRIWKHFDOFXODWLRQVDQGDFFHVVLQJWKHUHVXOWVRIWKH
GRFNLQJWULDOV7KHQXPEHURIWULDOVLVVHWWRWHQWRDOORZWKHH[SHULPHQWWRFRPSOHWHLQXQGHUD
PLQXWHWKXVSURYLGLQJWLPHWRDQDO\]HWKHUHVXOWV$QRYHUYLHZLVSURYLGHGWRVWXGHQWVVRWKH\
XQGHUVWDQGKRZWRHYDOXDWHWKHUHVXOWDQWORJILOHVDQGLQWHUSUHWWKHVWDWLVWLFVDVVRFLDWHGZLWK
GRFNLQJVWXGLHV$WWHQWLRQLVJLYHQWRVKRZDQGH[SODLQWKH³&OXVWHU+LVWRJUDP´SURGXFHGDV
RXWSXWIURPWKHGRFNLQJVWXGLHV,GHQWLI\LQJWKHPRVWHQHUJHWLFDOO\IDYRUDEOHOLJDQGELQGLQJ
SRVHIURPWKHORJILOHVOHDGVWRYLVXDOL]DWLRQRIWKHUHVXOWVHH)LJXUH'RFNR0DWLFGUDZV
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ϲXSRQ3\0ROIRUVWUXFWXUHDQDO\VLVDQGVWXGHQWVDUHOHGWKURXJKWKHSURFHVVRIXVLQJ3\0RO>@
WRILUVWYLVXDOL]H$UL[WUD£WKHQ&ROĮ;,133DQGILQDOO\WKHOLJDQGERXQGSURWHLQFRPSOH[
),*85(
7KHOHDUQLQJREMHFWLYHIRUWKHPROHFXODUGRFNLQJDFWLYLW\LVIRUVWXGHQWVWROHDUQKRZWR
DFFHVVOLJDQGDQGUHFHSWRUVWUXFWXUHILOHVJHQHUDWHDJULGSDUDPHWHUILOHWKDWGHILQHVWKHOLJDQG
ELQGLQJGRPDLQRQWKHUHFHSWRUUXQGRFNLQJMREVUHYLHZUHVXOWVDQGYLVXDOL]HWKHORZHVWHQHUJ\
ELQGLQJSRVHVIRUDOLJDQGUHFHSWRUFRPSOH[XVLQJ3\0RO6WXGHQWVDUHSURYLGHGDYLVXDO
GHSLFWLRQRIOLJDQGELQGLQJDQGWKH\OHDUQWRXVHWKHFRPSXWDWLRQDOWRROVUHTXLUHGWRDVVHVVWKH
LQWHUPROHFXODUDWWUDFWLRQOHDGLQJWRPRUHIDYRUDEOHOLJDQGELQGLQJFRQIRUPDWLRQV
(YDOXDWLRQ
7RHYDOXDWHWKHGHJUHHWRZKLFKWKHH[SHULPHQWFDQEHFRQGXFWHGZLWKLQDWZRKRXUODERUDWRU\
VHVVLRQWKHPDWHULDOVZHUHSLORWHGDWWKHUGDQQXDOPHHWLQJRIWKH$PHULFDQ$VVRFLDWLRQIRUWKH
$GYDQFHPHQWRI6FLHQFH3DFLILF'LYLVLRQ%RLVH,'7KHUHZHUHHLJKWSDUWLFLSDQWVILYH
XQGHUJUDGXDWHWZRSRVWGRFWRUDOUHVHDUFKHUVDQGRQHIDFXOW\PHPEHU7KUHHRIWKHSDUWLFLSDQWV
KDGDEDFNJURXQGLQFRPSXWHUVFLHQFHWKUHHLQFKHPLVWU\DQGWZRLQELRORJLFDOVFLHQFHV$IWHU
WKHWXWRULDOSDUWLFLSDQWVZHUHDVNHGDERXWWKHLUH[SHULHQFHVHH7DEOH7KHVWUHQJWKVRIWKH
WXWRULDOJLYHQE\WKHSDUWLFLSDQWVZHUHWKHGHWDLOHGEDFNJURXQGPDWHULDOPRGHUDWHSDFHRI
VWXGHQWDFWLYLWLHVFODULW\RILQVWUXFWLRQDQGWKHGHJUHHRIFRQILGHQFHWKDWWKH\FRXOGXWLOL]HWKH
'RFNR0DWLFVRIWZDUHWRFUHDWHDUHFHSWRUKRPRORJ\PRGHODQGSHUIRUPPROHFXODUGRFNLQJ
FDOFXODWLRQV:HDNQHVVHVRIWKHWXWRULDOZHUHOLVWHGDVWKHGHVLUHWRVHHPRUHFRYHUDJHRIWKH
FUHDWLRQRIJULGSDUDPHWHUILOHVXVDJHRI3\0ROWRPDQLSXODWHDQGYLVXDOL]HWKHOLJDQGWR
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UHFHSWRULQWHUDFWLRQVDQGDVVLJQPHQWRIDQLQGHSHQGHQWSURMHFWIRUSDUWLFLSDQWVWRSXUVXHDVD
WHVWRIWKHLUFDSDELOLWLHVWRXVHWKHVRIWZDUHHIIHFWLYHO\
7$%/(
'LVFXVVLRQ
7KLVZRUNZDVPRWLYDWHGE\VRIWZDUHDGYDQFHPHQWVWKDWKDYHDOORZHGKRPRORJ\PRGHOLQJDQG
PROHFXODUGRFNLQJH[SHULPHQWDWLRQWREHFDUULHGRXWZLWKLQWKHWLPHIUDPHRIDVWDQGDUG
XQGHUJUDGXDWHVFLHQFHODERUDWRU\FRXUVH7KLVVRIWZDUHWXWRULDOSURYLGHVUHVRXUFHVIRUDQ
LQVWUXFWRUWRGHPRQVWUDWHWKHXVHRI'RFNR0DWLFDQGWRDFKLHYHDIRXQGDWLRQDOGHJUHHRI
FRQILGHQFHIRUFRPSXWDWLRQDOLQYHVWLJDWLRQVE\VWXGHQWV7KHVWXGHQWODESURFHGXUHLQFOXGHVDQ
H[SDQGHGEDFNJURXQGRIFRPSXWDWLRQDOVWUXFWXUHELRORJ\GHVFULELQJQRWRQO\'RFNR0DWLFEXWD
EURDGHUYLHZRIWKHXWLOLW\RI%/$6702'(//(5DQG3\0RO3DUWLFLSDQWIHHGEDFNIURPWKH
FRQIHUHQFHZRUNVKRSZDVXVHGWRVWUHQJWKHQWKHSUHVHQWDWLRQRIFRQWHQWDQGJXLGHGHYHORSPHQW
RIWKHVWXGHQWWXWRULDO%DVHGRQWKHUHYLHZRIVWXGHQWSHUFHLYHGZHDNQHVVHVDµJULGSDUDPHWHU
ILOHFUHDWLRQVHJPHQW¶ZDVDGGHGWRWKHVWXGHQWSURFHGXUH6WXGHQWIHHGEDFNUHTXHVWLQJPRUH
H[SRVXUHWR3\0RODQGDVVLJQPHQWRILQGHSHQGHQWSURMHFWVZDVGHHPHGRXWVLGHWKHVFRSHRIWKLV
SURMHFWEHFDXVH3\0ROWXWRULDOVDUHUHDGLO\DYDLODEOHRQWKHLQWHUQHWDQGWKHDVVLJQPHQWRI
LQGHSHQGHQWSURMHFWVZDVGHHPHGPRUHDSSURSULDWHEDVHGRQWKHLQVWUXFWRULQWHQGHGXVDJHRI
'RFNR0DWLF7KHWXWRULDOLVFRQILJXUHGWREHDFFRPSOLVKHGZLWKLQDWZRKRXUODERUDWRU\VHVVLRQ
RUDOWHUQDWLYHO\DGGLWLRQDOWLPHPD\EHVSHQWRQWKHDQDO\VLVRIRXWSXWGRFNHGVWUXFWXUHVWRILOOD
WKUHHKRXUODERUDWRU\VHVVLRQ,QVWUXFWRUQRWHVGHWDLOKRZWRGRZQORDG'RFNR0DWLFIURP
VRXUFHIRUJHQHWDQGLQVWDOOWKHVRIWZDUH'RFNR0DWLFUHTXLUHVD/LQX[EDVHGRSHUDWLQJV\VWHPRU
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GHVFULELQJKRZVWXGHQWVPD\XVH'RFNR0DWLFIRUKRPRORJ\PRGHOLQJPROHFXODUGRFNLQJDQG
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SURFHGXUHFDQDOVREHXVHGDVDJXLGHIRUVWXGHQWVWRSXUVXHLQGHSHQGHQWLQYHVWLJDWLRQVRXWVLGH
WKHVFRSHRIWKLVWXWRULDO
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